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CLAIMS 



[Claim 1] A silicon-carbide semiconductor device which is equipped with the following and characterized by 
to be set up so that physical relationship of the depth direction of A and C may become A<C when a 
location where a gate thermal oxidation film formed in a flank of A and said trench in a boundary location of 
said high resistance semiconductor layer and semiconductor layer of said 2nd conductivity type and a gate 
thermal oxidation film formed in a pars basilaris ossis occipitalis of said trench touch is set to C. A 
semiconductor substrate with which the laminating of a low resistance semiconductor layer of the 1st 
conductivity type, a high resistance semiconductor layer of the 1st conductivity type, and the 
semiconductor layer of the 2nd conductivity type is carried out one by one, and field bearing on the surface 
of main of a semiconductor layer of said 2nd conductivity type consists of single crystal silicon carbide of 
hexagonal system which is an abbreviation (0001 -) carbon side A semiconductor region of the 1st 
conductivity type formed in a predetermined field of the surface of a semiconductor layer of said 2nd 
conductivity type A trench which penetrates a semiconductor layer of said semiconductor region and said 
2nd conductivity type from said main surface, reaches said high resistance semiconductor layer, and has a 
flank and a pars basilaris ossis occipitalis It is formed in a flank and a pars basilaris ossis occipitalis of said 
trench, and compares with thickness in a flank of said trench. A gate thermal oxidation film with the thicker 
thickness in a pars basilaris ossis occipitalis of said trench, A gate electrode layer formed inside said gate 
thermal oxidation film in said trench, an electrode layer of the 2nd conductivity type formed on some 
surfaces of said semiconductor region at least while on said surface of main, and the 2nd electrode layer 
" formed in a rear-face side of said semiconductor substrate _ _ ___ __ _ _ __ 

[Claim 2] A gate thermal oxidation film formed in a pars basilaris ossis occipitalis of said trench is a silicon 
carbide semiconductor device according to claim 1 characterized by being set up so that physical 
relationship of the depth direction of A, B, and C may become A<B<C when a crookedness configuration is 
carried out and the crookedness location is set to B. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The technical field to which invention belongs] This invention can especially be used as an insulated gate 
field effect transistor, a vertical mold MOSFET for large power, etc., concerning a silicon carbide 
semiconductor device. 
[0002] 

[Description of the Prior Art] Conventionally, what used the silicon carbide (henceforth SiC) semiconductor 
device for the SiC power metal-oxide semiconductor field effect transistor of a trench gate mold is indicate< 
by jp f 7-326755,A or JP,8-70124,A. This SiC power metal-oxide semiconductor field effect transistor has 
the property which was [ pressure-proofing / low on resistance, / high ] excellent. The cross-section 
configuration is shown in drawing 9 (a). 

[0003] n+ of the hexagonal system whose field bearing of the surface is a carbon (0001 ~) side On the 
semiconductor substrate 1 (low resistance semiconductor layer) of the mold single crystal SiC, it is n. - The 
laminating of the mold epitaxial layer (high resistance semiconductor layer) 2 and the p mold epitaxial layer 3 
is carried out one by one. In the predetermined field in the surface 4 of p mold epitaxial layer 3, it is n+ as a 
semiconductor region. The source field 5 is formed. Moreover, the trench (slot) 6 is formed in the 
predetermined location of the surface 4 of p mold epitaxial layer 3. This trench 6 is n+. The source field 5 
and p mold epitaxial layer 3 are penetrated, and it is n. - The mold epitaxial layer 2 is reached and it has side 
6a perpendicular to the surface of p mold epitaxial layer 3, and base 6b parallel to the surface of p mold 

epitaxial layer-3r - - - - - - - - — _ _ - . - r -, ~ n 

[0004] Inside the trench 6, the gate electrode layer 8 is arranged through the gate thermal oxidation film /. 
The gate thermal oxidation film 7 is thin gate thermal oxidation film 7a formed in side 6a of a trench 6, and 
base 6b and n+ of a trench 6. It consists of thick gate thermal oxidation films 7b and 7c formed on the 
source field 5. Thus, the carbon (0001 -) side of hexagonal system of the gate oxidization thickness of side 
6a of a trench 6 and base 6b differing is because thermal oxidation speed is large compared with other fields 



[0005] In addition, pressure-proofing between gate drains can be made high (more than 500V [ for example, 
]), parasitic capacitance can be reduced, and high-speed operation can be made to perform by being able to 
make threshold voltage low (for example, 2V), and thickening gate thermal oxidation film 7of base 6b of 
trench 6 b by making thin gate thermal oxidation film 7of side 6a of trench 6 a. Moreover, the gate electrode 
layer 8 consists of 1st polish recon layer 8a and 2nd polish recon layer 8b by which Lynn was doped. The 
interlayer insulation film 9 is arranged on the gate electrode layer 8. Furthermore, n+ including an interlayer 
insulation film 9 top In the surface of the source field 5, and the surface of p mold epitaxial layer 3, the 
source electrode layer 10 as 1st electrode layer is arranged, and this source electrode layer 10 is n+. It is in 
contact with both the source field 5 and p mold epitaxial layer 3. 

[0006] Moreover, the drain electrode layer 1 1 as 2nd electrode layer which touches the SiC substrate 1 is 
formed in the rear face of the SiC substrate 1 . In the above-mentioned configuration, the surface of p mold 
epitaxial layer 3 in side 6a of a trench 6 serves as a channel, and if positive voltage is impressed to the gate 
electrode 8 and a channel is formed, current will flow between source drains. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the technology of an indication, sufficient 
examination is not performed in the above-mentioned official report about the concrete configuration in a 
channel formation portion. Since thin gate thermal oxidation film 7a and thick gate thermal oxidation film 7b 
are formed in a trench 6 when this point is examined wholeheartedly, as this invention person etc. shows in 
the enlarged view of the channel portion of drawing 9 (b), thick gate thermal oxidation film 7b becomes the 
crooked configuration. Here, they are p mold epitaxial layer 3 and n. - When the location where B, and thin 
gate thermal oxidation film 7a and thick gate thermal oxidation film 7b touch the crookedness location of A 
and thick gate thermal oxidation film 7b in the boundary location of the mold epitaxial layer 2 is set to C, If 
the thickness of p mold epitaxial layer 3, the depth of a trench 6, and the thickness of thick gate thermal 
oxidation film 7b are set up so that the physical relationship of the depth direction may become A>C n - 
Since hot gate thermal oxidation film 7b was formed on channel outlet field 2a of the mold epitaxial layer 2, h 
became clear that an electron was not enough accumulated in channel outlet field 2a at the time of channel 
formation, are recording resistance became large, consequently on resistance became large. 
[0008] Therefore, this invention aims at reducing on resistance in the SiC semiconductor device mentioned 
above. 
[0009] 
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[Means for Solving the Problem] In order to attain the above-mentioned purpose, it sets to invention 
according to claim 1. When a location where a gate thermal oxidation film formed in a flank of A and a trench 
and a gate thermal oxidation film formed in a pars basilaris ossis occipitalis of a trench touch a boundary 
location of a high resistance semiconductor layer and a semiconductor layer of the 2nd conductivity type is 
set to C, it is characterized by setting up so that physical relationship of the depth direction of A and C may 
become A<C. 

[0010] Therefore, since a thin gate thermal oxidation film formed in a flank of a trench is formed on a 
channel outlet field of a semiconductor substrate, an electron is enough accumulated in a channel outlet 
field at the time of channel formation. Therefore, are recording resistance becomes small and can make on 
resistance small. Moreover, when a crookedness location of a thick gate thermal oxidation film formed in a 
pars basilaris ossis occipitalis of a trench is set to B like invention according to claim 2, it is characterized 
by setting up so that physical relationship of the depth direction of A, B, and C may become A<B<C. 
[0011] In this case, since a field in which a thin gate thermal oxidation film is formed on a channel outlet fieh 
becomes large, an accumulated dose of an electron in that channel outlet field becomes large, and on 
resistance can be reduced more. 

[0012] . j . . 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this invention in drawing is 
explained. The cross section of the SiC power metal-oxide semiconductor field effect transistor which 
starts this operation gestalt at drawing 1 (a) is shown. The fundamental configuration is the same as what is 
shown to drawing 9 (a) that drawing shows. However, in this operation gestalt, as shown in the enlarged view 
of the channel portion of drawing 1 (b), the thickness of p mold epitaxial layer 3, the depth of a trench 6, and 
the thickness of thick gate thermal oxidation film 7b are set up so that the physical relationship of the depth 
direction of A, B, and C may become A<B<C. 

[0013] By making it such a setup, it is n. - Since thin gate thermal oxidation film 7a is formed on channel 
outlet field 2a of the mold epitaxial layer 2 and an electron is enough accumulated in channel outlet field 2a 
at the time of channel formation, are recording resistance becomes small, consequently on resistance 
becomes small. Next, the manufacturing process of the above-mentioned trench gate mold power 
metal-oxide semiconductor field effect transistor is explained to details using drawing 2 - drawing 8 . 
[0014] First, n+ of the low resistance whose field bearing of the surface is a carbon (0001-) side as shown 
in drawing 2 The semiconductor substrate 1 of the mold single crystal SiC is prepared. And n whose 
thickness carrier density is 3-4 micrometers on the surface about [ 1x1 01 6cm - ] three - The laminating of 
- the mold epitaxial layer -2 and the p mold epitaxial layer 3 whose thickness carrier.density_is_2. micrometers _ _ 
about [ 1x1 01 7cm - ] in three is carried out one by one. Thus, the semiconductor substrate 1, n - The SiC 
substrate 100 which consists of a mold epitaxial layer 2 and a p mold epitaxial layer 3 is constituted. In this 
case, since about 3.5 degrees - 8 degrees of crystallographies axis of the semiconductor substrate 1 are 
leaned to the shaft perpendicular to the surface of the SiC substrate 100, field bearing on the surface of 
main of p mold epitaxial layer 3 serves as an abbreviation (0001 -) carbon side. 

[0015] Then, n+ whose cementation depth surface carrier concentration is 0.5 micrometers about 
1x1 01 9cm - ] in three by ion-implantation using the mask material 12 to p mold epitaxial layer 3 as shown ir 
drawing 3 The source field 5 is formed, next, after removing the mask material 12, it is shown in drawing 4 — 
as — the mask material 13 — using — reactive ion etching (RIE) — law — n+ the source field 5 and p mold 
epitaxial layer 3 — penetrating — n- The trench 6 with a depth of 2.7 micrometers which reaches the mold 
epitaxial layer 2 is formed. This trench 6 has side 6a perpendicular to the surface of p mold epitaxial layer 3, 
and base 6b parallel to the surface of p mold epitaxial layer 3. 

[0016] Then, as shown in drawing 5 , the thermal oxidation film 1 5 as a sacrifice oxide film is formed in a 
trench wall the thermal oxidation production process of about 5 hours at 1 100 degrees C by the oxidizing 
thermally ] method. By this thermal oxidation, the damage layer of the trench wall formed by the RIE 
method oxidizes. In addition, the thermal oxidation film 15 becomes 500nm in thickness by side 6a of a 
trench 6 at base 6b of 50nm in thickness, and a trench 6. 

[0017] And as shown in drawing 6 , after fluoric acid removes this thermal oxidation film 15, the mask 
material 13 is removed. The damage layer of a trench wall is removed by removing this thermal oxidation film 
15. Next, as shown in drawing 7 , thick gate thermal oxidation film 7b whose thickness located in thin gate 
thermal oxidation film 7a which forms the gate thermal oxidation film 7 according to the thermal oxidation 
production process of the once of about 5 hours at 1 100 degrees C, and whose thickness located in side 6a 
of a trench 6 by this thermal oxidation is 50nm, and base 6b of a trench 6 by the oxidizing [thermally ] 
method is 500nm is formed. Furthermore, n+ On the source field 5, thick gate thermal oxidation film 7c 
whose thickness is 500nm is formed. 

[0018] Since the depth of 2 micrometers and a trench 6 is [ the thickness of 2.7 micrometers and thick gate 
thermal oxidation film 7b ] 500nm here for the thickness of p mold epitaxial layer 3, p mold epitaxial layer 3 
and n - The physical relationship of the depth direction of the location C where the boundary location A of 
the mold epitaxial layer 2, the crookedness location B of thick gate thermal oxidation film 7b, thin gate 
thermal oxidation film 7a, and thick gate thermal oxidation film 7b touch becomes A<B<C. 
[0019] Then, as shown in drawing 8 , the inside of a trench 6 is returned one by one by the 1st and 2nd 
polish recon layers 8a and 8b. Then, the layer insulation layer 9 is formed with a CVD method on the gate 
thermal oxidation film 7 including 1st and 2nd polish recon layer 8a and 8b top, and n+ source field 5 of a 
source contact predetermined position, the gate thermal oxidation film 7 on the surface of p mold epitaxial 
layer 3, and the layer insulation layer 9 are removed. And n+ It is n+ while forming the source electrode layer 
10 on the source field 5, p mold epitaxial layer 3, and the layer insulation layer 9. The drain electrode layer 
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1 1 is formed in the rear face of the mold single crystal SiC substrate 1 , and the SiC power metal-oxide 
semiconductor field effect transistor shown in drawing 1 (a) is completed. 

[0020] According to the above-mentioned manufacture method, since sacrifice oxidation has removed the 
damage layer in a trench 6, it becomes the structure where there is no damage layer in the wall of a trench 
6, and the corner section of the pars basilaris ossis occipitalis of a trench 6 was rounded. Therefore, since 
the surface of p mold epitaxial layer 3 serves as a channel, and the MOS interface property at the time of 
current flowing between source drains can be improved and the corner section of the pars basilaris ossis 
occipitalis of a trench 6 is rounded, pressure-proofing between gate drains can be made high. 
[0021] In addition, although what manufactures vertical mold power metal-oxide semiconductor field effect 
transistor, without performing the above-mentioned sacrifice oxidation to JP,7-326755,A is indicated, if the 
above-mentioned relation of A<B<C is filled even if it is such a manufacture method, the effect same with 
having described above can be acquired. Moreover, although the physical relationship of the depth direction 
of A and B may be not A<B but A>B t since the field in which gate thermal oxidation film where to consider 
as A<B is thinner 7on channel outlet field 2a a is formed becomes large, the accumulated dose of the 
electron in the field 2a becomes large, and it can reduce on resistance more. 

[0022] Moreover, the side of a trench 6 may change the conditions of not only a perpendicular thing but the 
RIE method to the semiconductor surface, and may have whenever [ desired tilt-angle ] to the side of a 
trench 6. In addition, in this specification, when it expresses field bearing of the single crystal SiC of 
hexagonal system, properly speaking, the expression which attached the bar on the necessary numeric 
character should be taken, but since an expression means has constraint, "-" is attached and expressed 
behind a required-number character instead of the expression which attaches a bar on a necessary numeric 
character. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 It is the cross section of vertical mold power metal-oxide semiconductor field effect transistor 
showing 1 operation gestalt of this invention. 

fDrawing 21 It is a cross section for explaining the manufacturing process of the vertical mold power 
metal-oxide semiconductor field effect transistor shown in drawing 1 



fDrawing 3 



fDrawing 4 



fDrawing 5 



fDrawing 6 



fDrawing 7 



fDrawing 8 



fDrawing 9 



It is a cross section for explaining the manufacturing process following drawing 2 . 
It is a cross section for explaining the manufacturing process following drawing 3 . 
It is a cross section for explaining the manufacturing process following drawing 4 . 
It is a cross section for explaining the manufacturing process following drawing 5 . 
It is a cross section for explaining the manufacturing process following drawing 6 . 
It is a cross section for explaining the manufacturing process following drawing 7 . 
It is the cross section of the conventional vertical mold power metal-oxide semiconductor field 
effect transistor. 
[Description of Notations] 

1 — The semiconductor substrate as a low resistance semiconductor layer, 2 — n as a high resistance 
semiconductor layer - Mold epitaxial layer, 3 — p mold epitaxial layer as a semiconductor layer of the 2nd 
conductivity type, 5 — n+ as a semiconductor region Source field, 6 [ — A gate thermal oxidation film 8 / 
— A gate electrode layer, 10/ — The source electrode layer as 1 st electrode layer, 11/ — The drain 
electrode layer as 2nd electrode layer, 100 / — SiC substrate. ] — A trench, 6a — The side (flank), 6b — A 
base (pars basilaris ossis occipitalis), 7 - 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the cross section of vertical mold power metal-oxide semiconductor field effect transistor 
showing 1 operation gestalt of this invention. 

[Drawing 2] It is a cross section for explaining the manufacturing process of the vertical mold power 
metal-oxide semiconductor field effect transistor shown in drawing 1 



^Drawing 4 



Drawing 3 



Drawing 5 



Drawing 6 



Drawing 7 



Drawing 8 



Drawing 9 



It is a cross section for explaining the manufacturing process following drawing 2 . 
It is a cross section for explaining the manufacturing process following drawing 3 . 
It is a cross section for explaining the manufacturing process following drawing 4 . 
It is a cross section for explaining the manufacturing process following drawing 5 . 
It is a cross section for explaining the manufacturing process following drawing 6 . 
It is a cross section for explaining the manufacturing process following drawing 7 . 
It is the cross section of the conventional vertical mold power metal-oxide semiconductor field 
effect transistor. 
[Description of Notations] 

1 — The semiconductor substrate as a low resistance semiconductor layer, 2 — n as a high resistance 
semiconductor layer - Mold epitaxial layer, 3 — p mold epitaxial layer as a semiconductor layer of the 2nd 
conductivity type, 5 — n+ as a semiconductor region Source field, 6 [ — A gate thermal oxidation film 8 / 
— A gate electrode layer, 10 / — The source electrode layer as 1st electrode layer, 11/ — The drain 
electrode layer as 2nd electrode layer, 100 / — SiC substrate. ] — A trench, 6a — The side (flank), 6b — A 
base (pars basilaris ossis occipitalis), 7 - - - - - - - - 
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e**WJW13 0£Jiffi<£ffi#fty:. 05 (0 0 0 1 
-) ^-jJOBffittS. 

[ooi5]iur, 03te7jvr«fc9&c % P s?xt^* 

±9 fas©** yr?«SE^ 1 x 1 0 19 cm- 3 fiJg-Cjg^ 
aS3#0. 5/imCDn + V~*Ws)i5 fcJfrdtTS. & 

7^^Mi 2£l&£bfcf&, H4«:*-rJ:5K:. v 
*£ttl 3*ffit»TKJ&|£>f;f >x?*>^ (R IE) 
&&cJ:*Q x n + y-*Wrt5 £ pS!xt:£*WJWi3 
*»ilUn- Mxt?**^-wl/JI2tt:jSTSi£32. 7 
/imOM/>?6WtS. C(DhU>^6«, p32 
x b" + ;HS 3 (DftffifrCggftffllM 6 a & £ t>* p 52 
xtr**^*;UJI3(DaEte¥*TfrJgffi6 b£WT£o 
[ 0 0 1 6 ] CCD®, -WblC7jk-r-J:-5lc; f&ffit&lcJ: 

0 h u>*rtSte«M4BKbK<fc LTtDSffiMbJSi 5*1 

1 o o a cx'smM^m<Dmmtj:mc£vfcf&?z>. c 

(DMWLitttCj:*). R I Effirff$jaSftfchu>*rt£<D 
yy-5^JB3&«fb3ftS. SfflMblRlsra, hu 

>^6(DiI6at»3 5 0nm. hU>?6<Dlffl6 
MC/I3 5 0 0 nmCCttS. 

[0017] fbt, H6tC^Tcfc0tC, commtiR 
1 5*»KtcJ:0l»56L//ca, vx^fjl3«*f 

»BJ^bi£K:J:0y-HK«fbil7«:l l 0 0°cr5 

fbiCj:^ H l/>f 6©iI6 a tCffiHT5/?3^5 0 n 
tn<D»C»y- h^K^bJS7 a£, h U >^ 6 CDJgffi6 b 
tCfig-r-S/?3^5 0 OninCD^^y- hJBfc«!fblR7 b 
jWBJSSft*. V-^««t5±JCB113* 4 
5 0 OnmCDil^y- hJft»{blS7 c *5}fJj3E3ftS. 
[0018] CCC, pSgxf^ + '>fJUa3©J13^ 
2miti, h U>^6(Dgii3^2. 7ym, fl^/-^ 
B£fb)l7 bcDif 3*^5 0 0 nm-C*4tea>, pSJxf^r 
=^^ + ;kl3£n" Sxtr^*->^;l/«2©«SWfiia 
A, «C^-H»»fb*l7 bOfflftttiBB. ^C^y-h 

Nm{ui7 a tm>#- btmitm b 

CCD, ai3^r6]CD(4aRI^A<B<CtC^So 

[o o 1 9] m^>x, S8&c^-r<t^tc, hu>^6rt 
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S^r-h^{bJ|g7<f:JiP^fe»Ji9?:l^*T^o *U 

n- smsas i cii i ©iKc k ismmm i i 

^Ml/t, il (a) CCtSTS i C^«7-MOSF E 
[0 02 0 ] iEOAiWt^tCina. hU>^6l*l 10 

[0 02 1 ] fcte, EFHPP7 - 3 2 6 7 5 5^&«CC 
M\ ±ELfc«ttlt<t*1fto"r^ttffiS^''7-MOSFE 20 

^(b-^tfe, ±ELfcA<B<C©KH$*^ft:"rt> 

<A>Bt*ot4<fcl* A<Bil/cM 
JHHP««2 altil^- H»BtfbK7 a*iJKSE3n 
*<DmM2 aTOWOSSI 

[0 0 2 2 ] S hU>^6 (OWffl W¥*(**BCC*f 30 



[h i ] *»wa>-jow«i*«'riaaa^^ , 7--Mo s f 

[02 3 HlCC^-rtBE^^-MOSFETCDSBtjSXfl 

fetter & AlfecDWffiigtr * & . 

[0 3] H2«:«S<«iSXg«:»Wr4ft:»©»rBaH'C 
[04] HSfcttOyaigittM-rS/cabOBrffiHr 

[05] m4tcffi<MmjMzm}?ztc&<D&immx~ 
[0 6] H5ccitft<iijsxg*»w-r4fce«>©»fffiia"c 
CH7] m6<£m<MmjM*i&w-?ztc.tb<Dmw®-c 

[08] H7«:|ft<»Jftlg*BiWf&fc4«)©»fBaHr 
[|91 'ft£*<Dttg/-?9-M0 S F E T(DtWffi0-C.fc - 

So 

f*Mlii UtOn' V-^^J?S. 6-FU>f, 6 a- 
WJffl <«»> . 6 b -JSBfS (Kffi) . 
^ 8--y-h«fi)B. 10-Il©aiiilt©7 
-xmffiJB, 1 1 • ^2©affi)liU-CCD KU-{>SS 
H. 10 0-Si CS«= 
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